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(57) The p-esent invention provides an electrct non- 
woven litloi medium comprising a nonwoven filter web 
of electrostatically chained lib'illalcd fibers ultrasonical- 
ly joined to each othoi at a plurality of spots distributed 
across said nonwoven litter web. the total surlace occu- 



pied by said spots being less than 5% of the surlace ol 
said nonwoven filter web and the number ol spots per 
square centimeter being al leasl ? The present inven- 
tion also provides a method of making the etectrel non- 
woven filler medium 
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Description 

1 F ield of Ihc invention 

10001) Theprcsenl invcniion relates to an electro; nonwoven filter med.um thai has been ult.asonically consolidated 
at a plurality of spots The present invention further relates lo a process for producing the nonwoven filter medium. 

?. Background of the invention 

[0002] Nonwoven webs of electrel fibers arc typically formed of loosely associated fibers The filters can be electro- 
slahcally charged prior to. during, or after, be.ng formed into a nonwoven web. A particularly effective method of tormina 
h nonwoven electrel fiber fitter is described in U.S. Reissue Pat. No. 30.782 (Van Turnhoul et al.). The etcctret fibers 
in (his patent are formed from a corona charged film that is fibrillatcd to form the charged fibers The charged fibers 
Ihen be formed into a nonwoven web by common methods such as carding or air laying This charging method 
prunes a particularly high density of injected charges. However, problems arc encountered with forming webs from 
those prechargce hbnllalcd libers. I he libers are generally quite large and unenmped. I hey also have a resistance lo 
bending Due in pan to these properties, the fibers resist formation into a uniform coherent web particularly at low 
basis weights. US 5.230.800 proposes needle punching of the fitter web of fibrillatcd fibers to a reinforcement scrim 
so as lo pioduce a filler (hat has substantially uniform properties across the web. However. Ihc mandatory use of a 
.emfo.ccment scrirn in this method can produce an additional pressure diop of the filter. Also, the obtained uniformity 
should desirably be further .mproved. Moreover, because of the needle punching, the manufacturing speed of the filler 
medium is substantially limited. 

[0003] U.S. Pill No. 4.363.682. provides an alternative method tor making n more uniform web. In order to provide 
;» more coherent web. as well as one that resists shedding fibers, this patent proposes a post cmboss.ng treatment 
Th.s post-embossing wetds the outer surface fibers together allegedly providing a more coherent and comfortable web 
for use as a face mask. However this treatmenl will also tend to result in a more condensed web. which would increase 
pressure loss over the filler. 

[0004] US 5.143.767 describes a thermal spol embossing step to reinforce a nonwoven web of electrostatically 
charged and librillaled dielectric fibers so as to obtain a web of high strength which is free from sell dusting. The 

30 embossing ratio mentioned in this US-palenl is between 2 and 35% of the total surface of the filter. US 5,143,767 also 
mentions that it could be contemplated to use ultrasonic welding instead of Ihermal embossing of the nonwoven web 
However, according to US 5.143.767 this would be difficult and it would not be possible lo make thin fitters. Also, the 
lifters would allegedly be poor in toughness. Moreover, since ultrasonic equipment is generally limited to fairly narrow 
width webs, addiiional difficulties would arise in producing a filter web that has dimensions exceeding the width of 

■3-' typical ullrasonic equipment. 

[0005] US 5 900.305 leaches the use of ultrasonic welding techniques lo spot laminate a plurality of nonwoven filter 
webs of melt blown fibers so as to produce a high efficiency filter and disclose arranging several ultrasonic units next 
to each other so as to be able lo weld the laminate across its lull width The diflcronl units are then powered by a single 
controller. It appears that such an arrangement would not be suitable lo consolidate a nonwoven filter web so as to 

to produce a filter with uniform properties across its surface. 

[0006] US 5.436.054 mentions embossing, ullrasonic welding and needle punching lo join a network of reticulated 
fleeces of eleclref partially split films together so as to improve the dimensional stability of the electret filter. However, 
no particular details ol these methods arc given. 

[0007] ll rs accordingly a desire of the present invention to provide a further method to provide an electret nonwoven 
■» filter medium that has unilorm properties across its surface and thai can be produced at higher speed and therefore 
at a lower cost. It is lurther desirable to provide an electret nonwoven filler medium thai can be readily converted into 
a plealed filler with minimum manufacturing burden. The electrel nonwoven fitter medium can preferably be produced 
over a broad range of basis weight and preferably has a low pressure drop. Desirably, ihe performance of the fitter 
medium is mproved such as for example the filtration efficiency and particle loading capacity of the filler medium. 

3. Disclosure ol Ihe inveniion 

[0008] In one aspect, the present invcniion provides an electret nonwoven litter medium comprising a nonwoven 
filter web of electrostatically charged fibrillatcd fibers ul'rasonically joined to each other at a plurality ol spots distributed 
» across the nonwoven filter web The total surface occupied by the spots is less than 5% of the surface of ihe nonwoven 
filter wob. preferably the surface occupied by the spots is in the range of 0.2 to 2. more preferably 0 5 lo 1.5%. The 
shape of the spots is not particularly limited but is generally square, rectangular or circular. The si/o ol each of the 
individual spots is typically less than lO^cm 2 and is preferably in the range of 10-3 to 10? cm?. The number of spots 
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per cm* is al leasl ? and is lyprcally in Ihe range of 2 to 5 The numbe, of spots necessary ncr cm? will generally depend 
on Ihe basis we.ghl of me non-woven filter web with a low basis weight requiring more spols and a high basis weiqhl 
generally requiring less spots 

10009] II was found that an elcclicl nonwoven filter medium in accordance with Ihe present invention has highly 
* uniform filler properties across the web and can be produced at an increased speed relative to a method involving 
needle punching (hereby minimizing Ihe manufacturing costs. Furthermore, the use of a scrim layer is not necessary 
lo maintain the uniform filter properties and the etectrct nonwoven filler medium can be conveniently used lo make a 
piealed filter by ultrasonically welding a netting to the filler medium which will provide the necessary stiffness to the 
medium so as to be able lo pleat the filter medium. The eleclrct nonwoven filler medium was further found to have a 
'0 qood slrcngth and dimensional slabifity making it suitable for a variety of filter applications. For example it was found 
rhal for a web having a basis weigh! of at feast SOg/m* ultrasonically welding suffices lo oblain a dimension*!^ stable 
web without the need for any additional supporting layeis such as a netting or a scrim, thus resulting in reduced pressure 

(0010] In a furiher aspect el the present invcnlion. a method is provided to produce a filler medium as described 
above. In accordance with the method of Ihe present invention to produce the filter medium, electrostatically charged 
dielectric librillated t.bers are produced. 1 his can be readily accomplished by the methods that have been described 
in U.S. Reissue Pat. No. 30.782 (Van Turnhoul el al.) and U.S. Reissue Pat. No. 31.285 (Van Turnhont et al ) The 
mcihod described in these patents comprises feeding a film of a high molecular weight non-polar substance, stretching 
the trim, homopolaily charging the stretched film with Ihe aid of coronn elements and librillaling the stretched charged 
film. Suitable film forming maleiidls include polyotefins. such as polypropylene, linear low density polyethylene, poly- 
1 bulcnc, polyletrafluoiocthylenc. polytrifluorochloroclhylcne: or polyvinylchloride. aromatic polyarenes: such as pol- 
ystyrene: polycarbonates; polyesters: and copolymers and blends thereof. Preferred arc polyolefins free of branched 
nlkyl radicals and copolymers Ihereol Particularly preferred are polypropylene and polypropylene copolymers. Various 
functional additives known in the art can be blended with the dielectric polymers or copolymers such as poly(4 methyl 
1-penlcne) as laught in U.S. Pat. No. 4.87/1.399. a tatty acid metal salt, as disclosed in U.S. Pal. No. 4.789,504. or 
particulates, as per U.S. Pat. No. 4.456 6'18. 

[0011] The film may be charged in any of the known ways For cxampic : [he film may be locally bilaterally charged 
by means of corona elements that carry on either side of the film equal but opposite potentials Thereby Ihe film is 
charged to almost twice as high a voltage as by means of unilateral charging, al one and thn same corona voltage. 
30 The charged polymeric film material can be f ibrillated in several ways. For example, a needle roller with metal needles 
running agarnsl the lilm can be used. Theieafter. Ihe continuous fibers may be cut lo a desired length. 
[0012J The obtained electrostatically charged fibers can then be formed into a nonwoven web layer through carding 
or air laying or any other web lorming process. In order lo increase the basis weight to the nonwoven filler web. it may 
further be subjected to a randomizer or a cross-lapping operation. 

[0013] Tc consolidate the norvwoven filler web Ihe libers are ultrasonically joined lo each other at Ihe plurality of 
spots (at least 2 per cm 2 ) that occupy less than 5% of the surface of the nonwoven filter web. To eflcct this consolidation, 
the non-woven filler web is gencratty transported Ihrough a gap that is maintained between an ultrasonic vibrating unit 
and a mating tool of an ultrasonic device. The gap. i.e. Ihe distance between Ihe vibrating unit and Ihe mating tool of 
the ultrasonic device is generally kept constant while consolidating the non-woven fitter web. By "constant" in this 

■*o connection is meant lhat Ihe gap should not deviate more than 20 % of the desired value, preferably not more than 10 
If the non woven filter web has dimensions exceeding 30cm lo 50cm. it is preferred to put several ultrasonic devices 
in parallel next to each other along the direciion of the web that is perpendicular to the direction in which the web is 
being transported Although horns are available today thai have a width ol upto 60cm. such horns may not provide the 
desired unilormrty. to produce a highly uniform web when pulling two or more horns in parallel, the gap in each ot the 

'5 individual ultrasonic devices (horn - anvil arrangement) is preferably controlled independently. That is, the gap in each 
ol the ultrasonic devices is controlled independent ol the gap in another ultrasonic device. 

[0014] An ultrasonic device that is particularly suitable lor use in connection with the present invention has been 
described in WO 96/14202 and is commercially available from Herrmann UUraschalltechnik in Germany. Such an ul- 
trasonic device comprises a rigidly mounted vibrating unit and a mating tool which is preferably a rotating drum. A gap 
so is maintained between the vibrating unit {weld horn) and mating toot (anvil) and this gap can be adjusted prior and 
during the ultrasonic welding operation through an adjusting device lhat is also rigidly mounted. The gap between the 
mating tool and vibrating unit b maintained constant through a controller which steers the adjusting device in response 
to a measurement that is indicative of a changing gap. For example, the gap can be controlled by an inductively working 
sensor lhat is mounted on the roiatmg anvil drum. Signals from the sensor are wirelessly transmitted to the controller 
which detects difference wilh a target value and compensates tor any changes via the adjusting device Alternatively, 
a force sensor can be included in the vibrating unit lo measure Ihe welding force at regular intervals, lor example once 
per revolution of :he anvil drum The controller can then compare the measured force wilh a target value and adjust 
Ihe gap if necessary through the adjusting device. This melhod may be called force control ot the gap. In the force 
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control method, tho gap may fluctuate because ihe welding force will depend on Ihe thickness of the web as well as 

T-^^T™ ' c° h0 ' n anVlL AS " r0SU,t ° f ,h,CknCSS Varimi0nS ,n thc web - « hc <W ™V ""ciuate lo Keep 
- I. rgct welding lorce Force control is Ihe preferred method in this invention. Voltage control is a still further method 
thai can be employed lo keep the gap constani. In this method. Ihe vibrating unit and mating loot arc- pari of a low 
vut.age circuit. Shortly before thc viorating unit would touch the anvil drum, the circuit would close and the controller 
would receive a signal to retract the vibrating unit to a programmed position through the adjusting device Then the 
vibrating unit ,s automatically lowered again step by step until the next retraction is necessary This loop ensures a 
precise small gap between the horn and anvil. ensures a 

[0015] As mentioned above, the mating tool i.e. anvil, of the ultrasonic device is preferably a rotating drum The 
surface of this rotating drum is generally patterned to produce a desired pattern of spots in the nonwoven filter web 
where Ihe Hbots of the web are consolidated. The pattern may be a irregular pattern whereby the spots will be distributed 
..regular across the web. The pattern may also be regular or a repeating irregular pattern. Examples of patterns that 
may be used are illustrated below in the drawings 

[0016] The non-woven filter web may be transported on a scrim layer through the gap between tne vibrating unit and 
mating tool ol the ultrasonic device .I a scrim layer is desired The scrim material will generally comprise a thermoplastic 
material such thai the scrim layer can be ullrasonically bonded lo the non-woven titter web at the spots simultaneously 
with thc consoiidaiion of the nonwoven filter web at the spots. The scrim layer material can be any known reinforcement 
scrim, woven or nonwoven. Nonwoven scrims are generally preferred in terms of cost and degree of openness Thc 
scrim material is also preferably polymeric, and lor purposes of recyciability. preferably formed of a polymer ullrason- 
ically bondabfe with the material of the elect.et nonwoven web A senm of nonwoven mateiialwill generally be treated 
lo increase tensile properties such as by lhermoembossing : calandaring, sonic bonding, binder libers or the like A 
typical scrirn material would be a spunbond polypropylene nonwoven web. An alternative scrim layer tor use in this 
-nvenhon is disclosed in US 5.800.769. The scrim disclosed in this latter patent has discrete individual open areas with 
an average cross sectional area as viewed from the plane of the filter media of at least OZSmm 2 . generally belwcen 
0.25mm 2 and 10mm 2 The weight of this scrim is generally belween 0 tg/m 2 and 0<1g/m 2 Tho scrim disclosed in US 
5,800769 that is orclerably used in this invention is a cross laminated web of polyethylene fibers which can be readily 
ullrasonically bonded to the fitter media of this invention. When the non-woven filter web is transported on the scrim 
layer, the latter will generally underly the filter web. However. ,1 is also possible to include a scrim layer between two 
or more nonwoven web layers which can then be consolidated and bonded to the scrim layer in the ultrasonic device 
[0017] Alternatively, the non-woven filler web may also be transported on a paper web that is not affected by the 
ultrasonic welding operation. This paper web can be recollected after the ullrasonic welding opcralion leaving a ullra- 
sonically consoficaled fitter web without a scrim layer. 

[0018] If a pleatabfe electrel nonwoven filter medium is desired, a netting can be laminated to thc non-woven filter 
medium to provide thc necessary stiffness allowing it to be pleated. With Ihe Icrm netting in connection with the present 
invention is meant a highly open network of fairly thick fibers. Generally the libers of a netting will have a thickness 
belwcen 0.5 and 1 5mm defining belween them generally regularly shaped open areas of an average cross-sectional 
area between 1 mm 2 and 20 mm 2 . It is a further advantage ol the manufacturing method ol the present invention that 
such a netting can be laminated lo thc nonwoven lilter medium simultaneous with Ihe ultrasonic consoiidaiion of the 
web In particular thc netting will typically comprise a thermoplastic material and the netting can be transported together 
with the nonwoven filter web through the gap of the ultrasonic devices where the fibers of the web arc ullrasonically 
joined to each other al the plurality of spots. At the same lime, the thermoplastic netting will become ultrasonicalty 
bonded lo the non woven filter web at these spols. The thus obtained clectret nonwoven filter medium can be pleated 
by any of tne known pleating technigues and is thus suitable tor the manufacture of a pleated lilter. Accordingly, a 
pleatable eleclrct nonwoven lilter medium with uniform properties can be produced in a convenient and cost effective 
way. in particular the method of the present invention is more convenient and cost effective than prior art methods in 
which thc netting material needs to be glued or otherwise laminated to the filler web in a separate lamination step. 
[0019] The eteclret nonwoven filter medium of the present invention may further be laminated lo further filler layers. 
For example. Ihe electrel nonwoven filter medium may be laminated with a nonwoven filter layer ot melt blown micro- 
fibers (BMF layer). The advantage ot such a laminate would be that the electrel nonwoven lifter medium would act as 
a prefitter to the nonwoven filter layer ol melt blown micro-fibers which would otherwise easily gel clogged. Thus, the 
electret nonwoven filler medium of thc present invention, which is generally a more open structure then the BMF layer 
would collect thc large particle in a fluid to be filtered and thc BMF would fitter out particles that would otherwise pass 
the electrel nonwoven filter medium of thc invention. The method of the present invention, allows for a convenient 
cost efficienl and reliable production of such a laminate because the BMF layer can be ultrasonicalty bonded to the 
nonwoven tiller web while the latter is being ultrasonicalty consolidated. Furthermore, the filler web of the invention 
has been found to have an improved efficiency thus resulting in a more effective pre-filter resulting in a longer life time 
of a filter arrangement including such a pro-filter 
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4. Brio! description ol Ihc drawings 

[0020] I mo invention is further illustrated with reference to the following drawings without however the intention to 
limit the invention thereto. 

Figure 1 is h partial and schematic representation of an ultrasonic device comprising vibrating units and a matina 
tool in lorm of a rotating drum. 

I igure 2 is an enlarged partial view of the rotating drum as shown in figure 1 . 
Figure 3 is a schematic representation of a second embodiment ol a rotating drum. 

Figure 4 is a schematic representation of an enlarged portion of the second embodiment of the ultra-sonic device 
comprising a rotating drum as shown in figure 3. 
Figure 5 is a planar view of an ullrasonically joined non-woven electret filter medium obtained through the use of 
:-:n ultiasonic device comprising a rotating drum contiguration according to figures 1 and 2. 
f igure 6 is a planar view of an ullrasonically joined non-woven electret 'filter medium obtained through the use of 
,5 an ultrasonic device comprising a rotating drum configuration according to figures 3 and 4. 

Figure 7 is a cross -sectional view of equipment tor the ultrasonic joining ot non-woven electret filter media in 
accordance with tigure 1 . 

Figure 3 is a cross-sectional view of a second embodiment for the ultrasonic joining of a non-woven electret filter 
medium together with a thomioplaslic netting. 
?0 Figure 9 is a cioss-sectional view of a Ihtid embodiment of ulliasonically joining non-woven filter medium loqether 

with a thermoplastic netting and a scrim. * 
Tigure 10 is a cross-sectional view through an ultrasonic device in accordance with tigure 1 comprising several 
ultrasonic vibrating units arranged next to each other. 

Figure 1 1 shows a cross-sectional view of one of the ultrasonic devices in accordance with figure 10 showing one 
method of a gap control 

Figure 12 shows a diagram of the efficiency versus the dust particle si/e for non-woven filler media according to 
the invention in comparison to a needle punched filter medium. 
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5 Detailed description ol preferred embodiments 

[0021 J Figure 1 shows a device 10 lor the ultrasonic joining of an electret non-woven filter medium 12. The basic 
components ot the device arc vibrating units 14, 1 6 in the form of weld horns driven by driving units. Typically several 
weld horns 14.16 are arranged next to each other to allow an ultrasonic joining of a relatively wide electret non-woven 
filler medium 12. The weld horns 14,16 cooperate with a mating tool or an anvil, which in this embodiment has the 
form of a rotating drum 18. Only the drum 18 itself and its axle 20 are shown in figure 1 . The rotating drum 18 has an 
outer essentially cylindrical surface 22. which is provided with a multiplicity of protrusions 24. During the ultrasonic 
joining the electret non-woven fitter medium is moving in the direction of arrow 26 and the rotating drum in the direction 
of arrow 28. The weld horns 14 : 16 and the protrusions 24 of rotating drum 18 arc arranged in a manner that they torm 
a smalt gap (with the filter medium placed between the weld horns 14.16 and the protrusions 24 of Ihe drum) the gap 
being so small that at the points of Ihe protrusions 24 the energy density is high enough to achieve Ihc ultrasonic welding. 
[0022] Figure 2 shows an enlarged view of the surface 22 of the rotating drum 18 and the protrusions 24. These 
protrusions arc integrally formed with the surface 22 of the rotaling drum through generally known methods such as 
machining, spark welding and the like I he rotating drum is up to one meter or more in length and it has a diameter ol 
several decimeters 

[0023] An alternative method is shown in figures 3 and 4 The rotating drum 18 with its axle 20 is provided with a 
spiral grove 30 as can be seen Irom figure 3. Separately a metat band 32 ol a substantial length is manufactured 
through conventionally known methods such as machining or slamping. Typically a band ol a given width 34 is unwound 
from a supply roll and passed through a stamping equipment. The configurations as shown in figure 3 and 4 are punched 
out creating a sequence of protrusions 36 which may have a trapezoidal cross-section. Figure 4 shows, similar to figure 
1 , a portion of rotating drum 1 8 with a spirally wound grove (not shown) into which the band 32 has been inserted. This 
is done in a manner that the protrusions 36 with the upper surface 38 form a pattern which is similar lo the pattern 
depicted in figure 2 where protrusions 24 hove been created on surface 22 of rotating drum 18. 
[0024] Band 32 is spirally wound into the grove ol the rotating drum 18 to achieve a staggered configuration ot 
protrusions 36 as can be seen on figure 4 The intention is to have 2 adjacent protrusions 40. 42 of one row placed in 
a manner that the protrusion 38 in Ihe next row is arranged between the protrusions 40 and 42. preferably centrally 
between them Resulting welding patterns on the filter web can be seen from figures 5 and 6. Figure 5 shows the planar 
view onto Ihe ultrasonicalty joined electret non-woven filter medium 44 with a substantially regular arrangement of the 
welding spots 46. Figure 6 shows the corresponding filter medium 48 with welding spots arranged in a somewhat 
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.rraoulH. hut repealing pattern Due lo Ihe spiral winding of band 32 welding spol SO lor example i, no. exactly arranged 
b(Mw.:cn ihe wclong spots 52, 54 of Iho subsequent row. Therefore, the appearance of a filter medium 48 produced 
wilh a rotiiiing drum according to f.gures 3 and 4 is different. For the functionality of the electrel filter media this is of 
no considerable significance. 

[002f>| I he si/e and number of prolrusions 24 according to figures 1 and 2 and the si/e and number o! protrusions 
36 ; 38 accordng !o figures 3 and 4 is such that the total surface occupied by the protrusions is less than 5% of the 
sutiaco of ihe rotating drum which results in about the same percentage on the ultrasonically joined non-woven filter 
medum In accordance with the invention, the number of welded spols per cm? on the non-woven filter medium should 
be greater than 2. In case of figures 3 and 4. for example, bands 32 will have a width of 0 6-1 0 mm preferably 0 8 
mm. Further. Ihe surface area at the end of Ihe protrus.ons 36. 38 can be either circular, elliptic, quadratic rectangular 
or of other shapes. In a particular embodirnenl a square configuration would be preferred having ihe same dimension 
as ihe width of the band namely 0 6-1.0 mm preferably.. 0.8 mm. The distance between two adjacent prolrusions as 
»or example belwccn the protrus.ons 40 and 42 in figure 4 can be in Ihe order of 6-10 mm. preferably 7 mm and the 
distance between adjaccnl bands can be in the range of 4-6 mm. preferably 5 mm. This is then ihe distance between 
twr adjacent turns in the spiral grove as depicted in figure 3. In principle the same applies tor the embodiment as 
depicted in ligures 1 and 2 where ihe protrusions are machined, spark eroded or otherwise generated. The dimensions 
are in princ.ple identical. T.ne numbers as given above serve only as a general guideline for a preferred configuration 
ihe decisive feature, however, is that the total surface area of ihe contact portions of the protrusions is below 5% ol 
ihe surlace- ol Ihe rolaling drum, preferably below 2% and that the number of spots per cm 2 is at least 2. 
[0026] Figure 7 9 show cross-sectional views of the equipment used for the ultrasonic joining of the fibers and other 
components ol electrostatic non-woven filler media. The filter medium 1 2 is obtained from generally known equipment 
60 which produces a non-woven lilter web of electrostaticaly charged fibrillatcd fibers. These fibers arc guided to the 
ullmsontc device 10 as depicted in figures 14 and described above. The vibrating unit in the form of n weld horn 14 
is driven by the unil 62 which includes all features necessary to generate Ihe ultrasonic vibrations as well as means 
lo control the gap The weld horn 1 4 corresponds with the mating tool or anvil which has Ihe form of drum 1 8 rotating 
m the direction 28 as explained above. The ultrasonically Irealed web 44 is laken up by the roller 64. The ultrasonically 
heated web 44 passes through a pair ol rollers 66. 68 which simullancously or additionally also can take over the 
function of culling web 44 for example on Ihe ? sides which may not be welded or otherwise useless and furthermore, 
theremay be addihonal culling knives along Iho widlh of web 44 in order to generate smaller portions of the ullrasonically 
treated web 44 which are rolled up by roller 64. 

f0027) The entrance of the untreated web 12 into Ihe ultrasonic unit 10 is depicted in more detail with Ihe enlarged 
section A. M can Do seen that Ihe weld horn 14 with its lower end 70 and the protrusion 24 on the rotating drum 18 
form a gap 72. Furthermore it can be seen that the incoming web 12 is significantly thicker than Ihe outgoing ultra- 
sonically heated web 44. When entering the gap 72 the incoming web 12 is compressed which can be seen from the 
portions */4 and 76. This c ompression either takes place automatically or with the help of additional guidance means 
(not depicted). Furthermore, the weld horn 14 may be significantly wider than the protrusion 24 There is generally no 
structure on the lower surface 70 of weld horn 14. 

[0028] The cross-sectional configuration of the ultrasonically treated web 44 is shown in the enlarged portion B. The 
libers ol web 44 have been ultrasonically joined at the portion 78 and there are smooth transitions 80 and 82 between 
the welded portion and the normal portion of web44. Furthermore, it can be seen that Ihe thickness of the ultrasonically 
heated web 44 is significantly smaller than that of the original web 12 resulting from the ultrasonic treatment. It can 
also be seen that the welded portion 78 has indents on both sides, the upper side and Ihe lower sidc : although only 
the prolrusions 24 are in contact with the web 1 2 on the lower side, however, a total compression occurs which causes 
the upper portion to be compressed so that transitions on both sides 80 and 82 are observed 
[0029] Figure 8 shows an alternative arrangement for the ultrasonic equipment. Also here the original web 12 is 
obtained Irom the unit 60 and guided to the ultrasonic device 10 which is shown in a reversed arrangement. The rotating 
drum 18 is on the upper side and the weld horn 14 and the corresponding driving unit 62 are on the lower side. The 
essential diffeience is lhat in addition to Ihe originally untreated web a second layer 84 is guided onto the ultrasonic 
device 10 through the use ol the dispenser roll 86 and two guidance rolls 88 and 90. This additional layer 84 is a netting 
onto which the web can be ultrasonically bonded. Netting 84 and web 1 2 are joined to yield the configuration 92 which 
is taken up by the take up roller 64 and the guidance rolls 66 and 68. 

[0030] The difference relative to the embodiment shown in figure 7 can be seen again with the two enlarged portions 
C and D. The original web 12 and the netting 84 are guided lo the gap 72 created by the weld horn and Ihe protrusion 
24 of the drum 18 to generate the laminate 92. Also here a guidance and a compression ol web 12 and netting 84 at 
the portions 74 and 76 can be seen. The compression takes place primarily on the original web 1 2 while the netting is 
only slightly compressed during Ihe ultrasonic welding procedure. The enlarged view D shows a similar configuration 
as the view B in figure 7 also showing the portion 78 compressed through the uitrasonic welding and Ihe transition 
areas 80 and 82. 
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35 



JO 



100311 Figure fl shows a h.rri configma.ion of the ultrasonic equipment .ho numerals being ,ho same as in the pre- 

U T Th CS 1 , ea,, " e hCr ° ' S ' hH ' " ' hi,d ,ayCf 94 iS SUPP,icd " 0m lhc ">»*' * This is « scrim laye" f„ 

h* case he cl.,H8on,c dev.ee 10 is again arranged in .he same sense as in figure 7. .his essentrally depend on I ho 
p.ac.icab.h.y ,n .he process. Portion E is in principle comparable .o portions A and C in figures 7 and a'especTvl 
anonl HflK, K ' hCrC * ' ,hrCe -' aVer »» neuing 04. ,he h„e, web ,2 an ,hTsS 94 

S 7 r i 10 iho h,minaie 98 which men ,s ,aken up bc r ° ,,e ' m - ihc ~« «• deseed 

above. .. should be no.ed .ha, these a-c .hree .ypica. configurations, however, a multiplicity o. further vana.ions can 
becortemptaued lor example a multiplicity of layers including layers of spun bond fibers or moll-blown libers 
[0032] Figure 1 0 provides a cross-seclional view ol the ul.rasonic equipment in accordance with the preceding figures 
showmg .he rotating drum 1 8 with its axis 20 on the tower side and the weld horns 1 4 with driving units 6? on L other 
.-ode all ol them bc.ng arranged so that the web 12 can pass therebetween. The ultrasonic equipment includes four 
indrvidual u : lrason.c vibrating devices 100. 102, 104, 106 all operating independently of each other Each of them is 
equipped within the driving unit 62. with a sensor 108 for monitoring .he gap between horn and anvil and an actuator 
1 ,o Sensor 108 and actuator 110 are electrically connected through electrical wirings 112 and 114 to an electronic 
control unit 116 which ensures that lhc gap 72 is maintained within tolerances which are small enouqh in order to 
ensure an ul.rasonic joining ol the component ol .he web 44 or laminate 92. 98 and turther prevents horn and anvil 
nom louchmg each other. These controls are handled independently lor each individual ultrasonic vibrating system 
I00. 102, 104 and 106 Conliol unit 1 16 is then connected to a central power supply unit 118 

[0033] Figure 1 1 shows an individual ultrasonic vibrating system, e.g. component 1 00 in figure 1 0 There are different 
types ot control that can be ulili/ed the most piclcrred one is the so-called force control. The two main pu.poses of 
thrs equipment mo lo generate the vib.alions lor the ullrasonic welding and lo ensure Ihe control ot gap 72 between 
the rotating drum 18 nnd the weld horn 14 As shown in figure 10 the driving unit 62 comprises a sensor 108 and an 
actuator 110 For Ihe explanation of Ihe control for the gap 72 further details arc shown in ligure 11 Actuator 110 
provrdes the vrbrahon to, weld horn 14 Furthermore, a force sensor 108 is in contact with either the actuator 110 or 
directly with the weld ho.n 14 Its purpose is lo sense Ihe force that Ihe weld horn is actuating onto Iho material lo bo 
lorned. This sensor can be of nny type lor example some kind of a piey/o sensor The fo.ee signal is passed to the 
olecl.onrc control unit 116 Ihrough Ihe electrical connection 112. If the electronic control unit 116 identifies lhal the 
measured force is below a preset threshold value Iho entire system comprising actuator 1 1 0 sensor 1 08 and wold horn 
14 is moved downwards through Ihe driving means 120 which is electrically connected to Iho electronic control unit 
116 Ihrough the wiling 122. Actuator 110 is connected Ihrough Ihe wiring system 124 in a manner that a relative 
movement between control unit 116 and actuator 110 is possible. The weld horn 14 is also electrically connected lo 
Ihe electronic unit control through Ihe wiring 126 which is also llcxiblc. Rotalinq drum 18 is connecled al its axis 20 to 
Ihe electronic control unrl 116 through wiring 128. As soon as the horn 14 makes contact with the protrusion or any 
other portion ol the i Dialing drum 18 an electrical short circuit is created and sensed through the wirings 126. 128 The 
electronic control unit 116 then ensures thai a minimum gap 72 is restored. 

[0034] In accordance with Ihe process ol the invention, the materials lo be joined ullrasonically are passing through 
gap 72 (not shown, see pieccding hgu.es) and Ihe control mechanism operates in Ihe following manner If sensor 108 
senses a loice that is loo low actuator 110 is moved down through driving means 120 until the threshold value for Ihe 
force is obtained The same occurs in Iho opposile direction when the force is too high. Accordingly a continuous 
control ot Ihe gap 72 is ensured by using conventional electronic control systems. Furthermore, the additional control 
of the conductivity between weld horn 14 and rotating drum 1 8 ensures Ihat a minimum gap is maintained thus avoiding 
horn and anvil touching each other. 

[0035] An alternative method lor controlling the gap is to sense the distance between the weld horn 14 and the 
surface ol the rotating drum 18 through a sensor that is placed within Ihe rotating drum 18. Further details on ways to 
■w conliol the gap are lound in WO 96/14202. 

EXAMPLES 

[0036] The invention will be further described by the following examples and tesl results 

50 

Example 1 

[0037] A scum layer 94 (see figure 9) was used comprising a non-woven spun-bonded material produced in a known 
manner from tibeis being multiple thermally bonded and randomly arranged. The basis weight of this non-woven spun- 
5S bonded material was 10 g/m?. The spun-bonded web was combined with a non-woven material ol the electret filter 
mater.al consisting ol eloetroslalicaly charged dielectric librillated cr split libers with Ihe typical dimensions of 10 by 40 
m orons in cross -section The basis weight of this non-woven material was aboul 30 g/m?. As materials for this eleclrel 
lilter layer products distributed under the designation of 3M FHlrele™ by Ihe Minnesota, Mining and Manufacturing 
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Company were used. The Iwo layers, the scrim layer with a basis weight of 10 q/m 2 and (he e.cctret filter layer with a 
basis we.gnl of 30 gfrn*. were then ultrasonicaliy joined using a process as shown in ligurc 8 utilizing an equipment 
as described Ihcioin with a rotating drum of the above given dimensions according lo figures 3 and 4 with top areas 
3b of the bands 32 of 0.81x0 81 mm and a spacing between two adjacent protrusions 38 of 6 9 mm and a distance 
between 2 subsequent rows of 4.83 mm. This results in a portion of the ultrasonicaliy joined area ol Ihe filter web of 
1 5% of the: total area in the rotating drum corresponding to about 2% of the area in the web due lot ihp fact that the 
portion of ullrasonically joined libers is slightly larger in area than the portion of the rotating drum The number of spots 
per env ,s about 2.3. The thus bonded laminate of filler media and scrim was adhered to a thermoplastic netting or a 
reticular suoport structure. This netting consists of fibers having a diameter of about 0.45 mm The openings of the 
support structure are diamond shaped and have a size of about 3.6x4.1 mm. The thickness o( the support structure is 
about 0.85 mm. The fibers consist of polypropylene or other polymers. The netting or reticular support structure was 
adhered to the laminate of the liber media and scrim utilizing conventionally used adhesives. The thus obtained struc- 
ture was then pleated and (ormcc into a filter with a pleal heignt ol 25 mm : pleat spacing of 9.4 mm and total dimensions 
ol the filter ol 290x100 mm resulting in 31 pleats. This construction was then appropriately mounted into a frame by 
glueing or insert-molding. 
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Example? 



[0038] This example differs from example 1 only by the basic weight of the eleclret non-woven filtei media which 
was chosen to be 40 y/m 2 so that together with the scrim of 10 g/m 2 a total basic weight of 50 g/m 2 was obtained. 



Example 3 



[0039] Example 3 is similar to example 2 except that in addition to a scrim layer a netting was also ultrasonicaliy 
welded lo lie web which had a weight of 50 g/m 2 This configuration was ultrasonic joined according to the process 
illustrated in figure 9. 



Example 4 



[0040] Example 4 differs from example 3 by the fact that the scrim was omiitcd. The basic weight ol the web was 
chosen to be 50 g/m 2 . the netting was as described above and the ultrasonic treatment was done as described in figure 



Comparative Example 

35 

[0041 ] A larger number ol comparative examples was created in Ihe same manner as for the examples 1 -4 essentially 
differing in that a needling process was used instead of the ultrasonic bonding. For the comparison comparative samples 
were chosen that showed the same pressure drop as examples 1 -4. Thus fillers with essentially the same initial per- 
formance were compared. 
40 [0042] With the above described sample Filters comparative measurements were conducted. 
[0043] The efficiency was measured in accordance with the test norm DIN 71 460. part 1 . 

[0044] The measurement of the efficiency is conducted as follows: A test dust "coarse" according to DIN |SO 5011 
is introduced according to § 4.4 ol DIN 71 460. This dust is measured with particle counters prior and alter the entry 
through the filler to be tested. The particle counters have the capability of determining particles of different particle 
-*$ sizes ranging between 0.5 and 1 5 microns al least. The ratio within this particle range then is the efficiency in percent. 
All provisions according to DIN 7 1 460, § 1-4 4.2, were taken into account. It is particularly important that Ihe filters to 
be tested aie identical in size and configuration as stated above for the different examples. 

[0045] The results can be taken from figure 12. It shows Examples 1, 2 and 4 compared with the Comparative 
Example. II can be seen that for the tested range of particle sizes between 0. 1 and 1 0 microns the efficiency is increased 
50 by about 10 percentage points. 

[0046] Furthermore, the captured dust was determined for all 4 examples in comparison with Ihe relei encc example. 
AIgo in this case the teste were conduced following the test norm DIN 71 460 part 1 . 

[0047] The determination of the captured dust was conducted as follows: All provisions ol DIN 71 460. part 1 were 
taken into account which are relevant for the determination of the captured dust : especially § 6.3. The measurement 
55 was carried out from an initial pressure drop until the pressure drop had been increased to a level of 25. 50. 75 and 
100 Pa respectively The filters were weighed prior and after the test In this specific case the ratios between the 
examples 1-4 and Ihe Comparative Example were taken into account and the percentage increase ol the captured 
dust with respect to the Comparative Example was determined. For the weighing also DIN ISO 5011 was to be applied. 
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[0048] Tl.o results are listed ,n Tsblo 1 which shows the addilicnal loading as compared to Iho neeole lypo Gom- 
paialive Example. The dilferen! steps arc resulting in an increase ol the pressure drop of 25. 50. 7£ and 100 Pa 
respectively II can be seen thai the most significant improvement was obtained with example 4. which did not include 
a set in i lay::r. 



Table 1 



Loading step: Increase ol pressure drop in Pa 


Example 1 


Example 2 


Example 3 


Example 4 


Initial [+0 Fa) 


100% 


100% 


100% 


1 00% 












i 25 Pa 


162% 


148% 


117% 


260% 


i 50 Pa 


139% 


134% 


109% 


217% 


r 75 Pa 


148% 


139% 


113% 


229% 


» 100 Pa 


152% 


139% 


112% 


234% 


Average 


150% 


140% 


113% 


235% 



co Claims 



1. An electret nonwoven filler medium comprising a nonwoven tiller web of electrostatically charged librillatcd fibers 
ullrasonically joined lo each other at a olurality of spols distributed across said nonwoven tiller web ? the total 
surface occupied by said spots being loss than 5% ol the surface ol sa d nonwoven filter web and the number ol 

pfi spols per square centimeter being at least 2. 

2. An oleclrct nonwoven tiller medium according to claim 1 wherein the number of spots per square centimeter is nl 
least 8 

30 3. An elcctret nonwoven filler medium according lo any of the previous claims wherein the total surface occupied by 
said spols is between 0 2% and 2% of the total surface of said nonwoven filter web 

4. An eleclret nonwoven litter medium according to any of the previous claims wherein the size of each of said spols 
is not more than 10 2 cm 2 . 

3t> 

5. An electtet nonwoven filter medium according to any of the previous claims wherein said filler medium further 
includes a scrim layer that is ultrasonically bonded lo said nonwoven filter web at said spots. 

6. An eleclret nonwoven filter medium according to any of the previous claims wherein said filter medium further 
40 includes a nelling lhal is ultrasonically bonded to said nonwoven filler web at said spots. 

7. An electret nonwoven filler medium according lo any of the previous claims wherein said filler medium lurther 
comprises a layer of nonwoven melt blown fibers ultrasonically bonded lo said nonwoven filter web at said spots. 

4!> 8. An eleclret nonwoven filter medium according to any of the previous claims having a width and length that are 
each 30cm or more. 



9. A method of manufacturing an electret nonwoven filter medium, comprising the steps of: 
electrostatically charging a polymeric film: 

f ibr illaling a thus obtained electros tatically charged Mm so as to form electrostatically charged Nbi illated fibers: 
- forming the electrostatically charged dielectric librillatcd fibers into a non-woven filler web: 

consolidating said non-woven filter web by ultrasonically joining said dielectric librillated fibers to each other 
at a plurality of spols disiributod across said non-woven filter web such that the total surlace occupied by said 
spots is less than 5% ol the surlace of said nonwoven filter web and the number' of spots per squ sre centimeter 
is ai least 2. 
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to 



30 



40 



50 



10. A method according to claim 9 wherein said method includes the step ol transporting the non-woven filler web 
through an ultrasonic welding station, said ultrasonic welding station comprising two or more ultrasonic devices 
thai arc arranged next to each other in the direction perpendicular to tne direction in which the non-woven filter 
web rs transported, sa-d non-woven filter web being transported through a gap between a ultrasonic vibraiina unit 
and a mating lool ol the ullrasonic dev.ces and the si/e of said gap in each ol said two or more ultrasonic devices 
being controlled independent ol each other. 



11 



12 



A method according lo claim 10 wherein said mating tool is a rotating drum having a patterned surf.ee to produce 
a desired pallern of said spots on said non-woven filter web. 

A method according lo any cf the claims 9 to 11 wherein said non-woven filter web is formed on a scrim layer and 
while said dielectric fibr Mated fibers are joined to each other at said spots, said non- woven woo layer is also joined 
to said scrim layer at said spots. 

13. A method according lo any ot claims 9 to 12 wherein a netting is simultaneously with the ultrasonic ,oining ol said 
dicleciic hbrillated fibers joined to said non-woven filter web. 



10 



BNSOOCID. <EP_ 



EP 1 331 030 A1 




EP 1 331 030 A1 



/ 
/© 



I 



CD 



<D 



<d 



CD 



<D 



3 

© 

i © 



© 



f a 

© 



CD 



CD 



CD 



<D 



CD 



CD 



<D 



CD 



© 



CD 



05 



© 



CD 



© 



© 



© 



€5 



© 



© 



© 



\ 

22 



FIG.2 



BNSDOCID <EP 1331030A1 * > 



12 



EP 1 331 030 A1 




BNSDOCIO. <KP 133JC30/.1 ! > 



13 



EP 1 331 030 A1 




BNSOOC1D «EP 



. i:Ol030.MJ_> 



EP 1 331 030 A1 



4S 

/ 

o □ n □ a i 

□ □□□□□ 

□ □ a a q 

□ □ □ c □ □ 

□ □ □ □ □ 

□ □□□□□ 

□ □ D D □ 



FIG. 5 



15 

BNSDOCID. <EP I33I030A1 I > 



EP 1 331 030 A1 



/ / / / 



■ n ," / 
o □ / n 

D 

a □ □ 

□ 

D □ □ 
0 

□ Q □ 



□ 

n □ 

□ 

□ □ 
□ 

□ o 

□ 

■on IT- 



FIB, 6 



8NSOOCIO <EP_„ .I33I030A1J > 



16 



EP 1 331 030 A1 




BNSDOClD:<EP J33t030AM > 



17 



EP 1 331 030 A1 




BNSDOCID. <£P 133103OAI 



18 



EP 1 331 030 A1 




19 



BNSDOCID: «;EP 1331030A1.I. > 



EP 1 331 030 A1 



"T, 

CD 



o 



D- 



T 



D- 

n 



u- 

□ 



v - 

is 



r 



O 



IOC 



2u 



uu 



CO 



20 

BNSDOCID I3.1I0.Wi1J > 



EP 1 331 030 A1 




v. 



in 

FIG. ! I 



BNSDOCID <tP 1331030*1 J > 



21 



EP 1 331 030 A1 




EP 1 331 030 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 02 10 0030 



• .. r 4t-*(joiy 

A.) 

A J) 



DOCUMENTS CONSIDERED TO BE RELEVANT 

C nation o' document with indicator., where appropriate, 
ct relevant pansnner : 



A, I) 



1 Re nvnrt classifica jion of the 
| tc claim APPLICATION (inl.CU) 



US 5 900 305 A (R.L. CHAPMAN) 
4 May 1999 (1999-05-04) 

* the whole document * 

115 5 143 767 A (S.MATSUURA ET AL.) 
1 September 1992 (1992-09-01) 

* claims 1,6,7 * 

US 5 800 769 A (T.E.HASKETT) 
1 September 1998 (1993-09-01) 

* claim 1 A 

W0 96 14202 A (WALTER HERRMANN 

ULTRASCHALLTECHNI K) 

17 May 1996 (1996-05-17) 

* claim 1 * 



1-5,9 



1,9 



1.9 



B01D39/16 
B03C3/28 



The present iui-rch 'opul liui, beer drawn up for all claims 



BERLIN 



Oai* frt rowrirtion ol thr. <*.vch 

20 August 2002 



TECHNICAL FIELDS 
SEARCHED (lni.CI.7) 



B01D 
B03C 



Bertram, H 



CATEGORY [)f CITED DCCUMEN T S 

X : oanicuJai*y relevant :t taken alone 

V : parocufafy relevant it combined with another 

rtcvumenr ol the same category 
A techrrlr.Qir.il ha r> ground 
O non-wnMen diiclosoie 

P : rntc .-mediate document 



1 theory O' principle urxk-'ry My thy itrvtmhuti 
F eafber patem document, font published on or 

after the Wing date 
D : document cued in tne app'<ca»un 
i : iloc nme «t cited tor ether irnsons 

& ; member of the same Dau nt tamily, cuirysporchng 
document 



23 



BNSLKXID «EP 133t03OA1.l.> 



EP 1 331 030 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 li) 0030 



!." ,hc paIcnt ,nm ' i y members rolahng io the potent documents cited in the above mentioned European rearer rcoo* 

i.,:.tT3 are as contained m the Euicptwn Patent Office ED? file o-i P 
' In- I. ..i<jpr..-iri latent Olt.ce , 5 ,n mway liablr- tor these paniculais whtchare merely given lot the purpose of .nlonmfcn. 

20-08-2Q02 



Pa;pnrdnritm/>nt 
cited bt'dtch lepod 



Publication 

date 



Pntrnt fa miry 
member(s) 



U:> 5900305 
US 5143767 



A 
A 



04-05-1999 NONE 



01-09-1992 



US 5800769 



01-09-1998 



WO 9614202 



17-05-1996 



. for moi.; details about this annex : see Official Journal ot the European Patent Office, No. 12/R? 



Puhtaafrin 
date 



JP 


1180214 A 


18-07- 


■1989 


JP 


2585334 B2 


26-02- 


1997 


JP 


1194912 A 


04-08- 


•1989 


JP 


2732474 B2 


30-03- 


■19 i ;'8 


AT 


103348 T 


15-04- 




CA 


1325983 Al 


11-01- 


19S4 


DE 


68914001 01 


28-04- 


19<J4 


DE 


68914001 T2 


07-07- 


19S4 


EP 


0324601 A2 


19-07- 


19£9 


KR 


9101895 Bl 


30-03- 


1991 


US 


5792242 A 


11-08- 


1998 


AU 


2254197 A 


10-09- 


1997 


CN 


1211935 A ,B 


24-03- 


1999 


EP 


0881931 Al 


09-12- 


1998 


JP 


2000504992 T 


25-04- 


2000 


WO 


9730771 Al 


28-08- 


1997 


DE 


4439284 Al 


25-04- 


1996 


DE 


19513246 Al 


25-04- 


1996 


DE 


19526354 CI 


16-01- 


1997 


AU 


3981295 A 


31-05- 


1996 


WO 


9614?02 A2 


17-05- 


1996 


EP 


0790888 A2 


27-08- 


1997 



24 



DNSDOCID: -^P, 



1331030^1.1 > 



